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j}omVs¸¹gbfW;Jbe^nY^Lh'bk¡wjk^VbehSVYXvX­
 l9K#
\  v
  kY%$PZg!Ph*H&.!&C'&M 0&%! M @
h k#! M%!&C'&
f _+X.!&C&M = .d.!&C'&
f $#k'X.!&C'&8M =d G &E .d.!&C'&
f !_CM%!&C'&
 Y>WmnoqhWjkfY=hz5bvxYWjkvxo jesbfmh hxSV_coTY¤ogv_chx_`bf^A­
_cvxoqhX¨rmV^n_`^V_`h_ljkac_c£YX8besyzY¤g3ho sJYacbe^Vdf_`^nd
hb
hxSVY
oxjkW}Y)galjeoxosnmhigvxYXjkhYXFjh'hz5b}_¬¯°YvxY^Lh=ValjegYXoT_c^FhSVYVvxbedfvxjeW.jkvxY ^Vbeh=_`^FhxSVY
ojeW}Y hzprJYe­
RTSn_cowvxY
	YXg3hohSnjkhwhSVY _coxg_cVac_`^nY'de_ceY^;_c^Fcen_`W}JbfoYXohxSnjh je^}besyzY¤g3h1gvxYXjkhYX;jh obeW}Y'acbgjhx_`bf^
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C'&'-g!#"0$PZ!oqhxjkhYT¡¢bfv jkacaVac_`^VY¤ohSjh jkvxY'vxYXjegSjksVacY_c^be^nY=ozhxYA­
RTSnY8¡ jfg3h;hSnjkh4hxSVY®_`^rjkvx_cje^Lh_co;bfshxje_`^VY¤¡¢bfvhxSVYF«n^njka'jedeY^Vjjk^hSnY%«^njka5hzprV_c^Vd oqhxjkhYF_co
Y#"VvY¤ooYX}_c^hxSVYihxSVYbfvYXW hSnjkh55Yigjea`acYX H+&%"Ph( h&%"'X-._$#kYX @ *'h kJ­0RTSVY>ozhxvmg3hmnvY bk¡0hSn_co5Vvxbrbk¡
_lo'_loqnacjQpfYX%_`^F«ndfmVvYz\V­
[(G  E+ N 58 Q 07/  0j 0a+|79IK/ON +
&¹^ozhxYXje bk¡_cvY¤g3hacp mno_c^Vd hSVY®Y^gb_c^VdDbk¡>gbe^noqhvjk_c^Lhxo;'_`hStLmnjeo_5hYvxWo;hbVvxbeY8hSnjkhhSVY
omngXgYXoxoTbk¡wgbf^noqhvjk_c^fhijeVVac_cgXjhx_`bf^noTY^nomVvxYXo5hxSnjh=hxSVY)hzprJY
oqpoqhYW*_coiojkh_loz«nY¤%¡¢bev=Y¤jegS®a`_c^VYf¨VY
bfvdLjk^V_c£Y5hxSVY=Vvxbrbk¡°hb
moqY=bf^VacphxSVY'hSnYbevxYWohxSnjh5Y ozhjhY¤jksJbemh hSVYioYWje^fhx_cgXowbk¡0Y¤jegS}hzprY
gbe^noqhvjk_c^LhX­9Vbfv
YXjfgS _c^noqhvxmng3hx_`bf^A¨Y ^nYYX hxbVvxbeY;hSjhhxSVY8gbe^noqhvjk_c^LhxoVvxbr_cY¤ ¡¢bev
hxSnjh
_c^noqhvxmng3hx_`bf^!srp®hSnY4¡¢mn^ng3hx_`bf^ H@c,h.X.!_+X+Z._.kP-!0"*'h k0!'X0,h0-g!jkvxY;oqhvxbe^Vd%Y^VbfmVdeS!hbFY^nomVvxYhxSnjh
jea`ahSnY4VvxYW}_loqY¤o=¡¢bfvihxSVY}gbevxvxYXobf^n_c^Vd gbf^nozhxvmg3hbfvi_c^hxSVY45YXjeeYXv=hzprY}oproqhYXW,jkvxYojkh_loz«YX0­
 Y Vb)hSV_lo_`^hxY^8V_¬¯°YvxY^Lh hxSVYbfvYXWo¨f¡¢bev hSVYihY^%_¬¯°YvxY^Lh5_`^noqhvxmngh_cbe^noX­RTSnY oqhvxmng3hxmVvYibk¡0hSn_co
nvbrbk¡_co'oSVb'^F_`^F«ndfmVvxY
­
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new_agenda_reachable
verifier_sound_main
new_agenda
new_agenda_sound
acc_new_agenda
new_agenda_correct
extensionality
smaller_add_one
sound_verif_aux_line
next_address
tc_store_implies_update
stack_defined
tc_stack_implies_defined
tc_push_type_implies_defined
tc_pop_implies_defined
tc_push_implies_defined
tc_store_implies_defined
tc_init_implies_defined
jvmli_to_constraint_list_stack_defined
add_constraint_list’
jvmli_to_constraint_list
acceptableagenda
more_marked_wf
iwtstep’
jvmli
cg1_reachable_decompose
_cdemVvxYe\'I : hvxmng3hxmVvY4bk¡whxSVY4nvbrbk¡wbe¡ oqbfmV^n^VY¤ooX­iRTSVY4VvxbLbe¡1bk¡ H&%"Phg( h&%"'X+-._.$#kY+X%*.$  X#,hJk&_co
VYhxje_`acYX%_c^®je^VbkhxSVYv'dfvxjeVSA­
 l9K#
 \  v
tc_top_semantics
sound_verif_aux_line_if0
sound_verif_aux_line_use
sound_verif_aux_line_inc
sound_verif_aux_line
tc_push_type_semantics
sound_verif_aux_line_new
sound_verif_aux_line_push0
smaller_add_one
sound_verif_aux_line_store
sound_verif_aux_line_load
sound_verif_aux_line_pop
tc_pop_semantics
constraint_applied_cons
add_constraint_list’
sound_verif_aux_line_halt
sound_verif_aux_line_init
jvmli_to_constraint_list
tc_all_vars_semantics
iwtstep’
tc_store_semantics
tc_push_semantics
tc_stack_semantics
jvmli
_cdemnvY#I : hxvmg3hmnvY)be¡|hSnY
oqbfmV^n^VY¤ooTnvbrbk¡¡¢bevThxSVY«nvozh'njfooJIhSVYhxSVYbfvYXW}o5¡¢bfv'YXjfgS%ac_`^nYe­
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subst_nth_some tc_top_semantics
qnth_place_one_list_subst
get_frame_aux2_place_one_list_subst
nth_make_two_list_top_gap_non_null
get_frame_aux_place_one_list_subst
tc_push_semantics
tc_pop_semantics
get_frame_aux_make_two_list_top_gap_non_null’
same_map_mk_two_list_update2
same_map_mk_two_list_update
tc_all_vars_semantics
tc_store_semanticsqnth_place_one_list
get_frame_aux2_place_one_list_diff
same_map
get_frame_aux_make_two_list_bottom
nth_make_two_list_bottom
stack_defined_mk_two_list_bottom
tc_push_type_semantics
tc_stack_semantics
_cdemVvxY @'I}u1vbr_c^Vd®hSVYFgbfvvxYXgh^VY¤oo)be¡igbf^nozhxvxje_`^Lho)Y^ngb_`^ndn­!RTSVYFgbf^nozhxvxje_`^Lho! Z%X%*+,#,#X2H+*%" -
je^n ! Z.X-!_%"+&%SnjQfYjoqJYXg_cjea ozhjhxmno)sJYXgjemnoY4hxSVYpDjegh
be^ hSnYQjev_ljksna`Y¤o­8RTSnYVvbrbe¡¡¢bfv)hSVY
gbe^noqhvjk_c^Lhm! Z%X'h kPhg!}_loT^Vbkhi_loVacjQpfYX8_`^FhSn_co'dfvxjeVSA­
& hw_loAhxSVY^;^VYXgYXoxojevp hb>VvxbeYwhxSnjhYXjfgS
bk¡nhSVY oYWjk^Lhx_cg>hSVYXbevxYWo_cojeghmnjea`acp)ojkh_loz«YX0¨srp
gSnYXgr_`^nd=hSnYTgbe^no_lozhxY^ngp)sYhzYXY^
hxSVY'tLmnjeo_LhYvxWogbe^ozhxvmnghY¤
_c^ @'X%W.$'*'-+hje^n
hxSVY5¡¢mV^ngh_cbe^no
i&%!'X%(%"* @P&
je^n;i+&%!'X-!+*'Z
moqY¤8hxb}_`^LhYXvnvYh5hxSVYH!&C'&'-!#"%$PZ!}ozhjhY)jfo'j;gbemVna`Y  . % mnoYXF_c^hxSVYhzprV_c^Vd>yzmndeW}YX^fh¤­1RTSVY
oqhvxmng3hxmVvYbe¡|hSn_co'nvbrbk¡_coiYXoxgvx_`sJYX%_c^%«demVvxY @n­
nbev=hxSVYXoY
Vvxbrbk¡ oX¨V5Y
SnjQeYhxbvY¤jeobe^®be^®bfsyzYXghxo=_c^®hSnY)hzprY>W.$'*'-+hg!+&%"@¨fnvbr_lYX%¡¢bevihSVY
mn^V_¬«Jgjhx_`bf^ jea`dfbevx_¬hxSVW®¨A'SV_lgSDY^ngbrVY;ac_lozho¨jk^n ac_coqhxo)be¡ac_coqhxoX­ RbvY¤jeobe^!bf^!hxSVYXoYbesVyzYXg3ho¨_¬h
_looY^oq_csVacY hb!YXvq¡¢bfvW _`^mng3hx_`bf^ Vvxbrbk¡ o)hxSnjh;vY 	nYXgh
hSnY%oqhvxmng3hxmVvY8bk¡=ac_coqhxo;Q¢'_`hShz5b!gXjeoYXoDS
vjhxSVYv5hxSnjk^®_c^nmngh_cbe^®VvxbLbe¡ ohSnjkh=vY 	nYXgh5hxSVY
oqhvxmng3hxmVvYbe¡ W%$'*'-#hg!&%"@ jkacmVY¤o­wRb;WjeeY>hSVY¤oqY
nvbrbk¡ oY¤jeo_`YXvwYTSnjQfYT_`^LhvxbmngYX}jk^n;VvxbeY¤j)YXv_ceY¤_c^nmg3h_cbe^}Vvx_c^ng_cVacY''_¬hxS}hSVYT¡¢bfa`acb'_`^nd
oqhxjkhYXW;YX^LhJI
W,'h0-!X'h kY I
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RTSVY}«vxoqh
gjeoYbrYXo^Vbeh)Y"Vjeghacp!gbfvvxYXobf^nhxbFhSVY[kch.,FgjfoqY}_c^ je^ moqmnjeawVvxYXoY^Lhxjkh_cbe^!be¡
ac_lozho­F~=jhxSVYv¤¨|_`h4gbfYvo)jkacawhYXvWohxSnjhVb^VbkhYX^ngbYac_lozho)'_¬hxS jhacYXjfozh
bf^VYYacYW}YX^fh¤­%RTSVY
Jbfoxo_`sV_cac_¬hzp4hbVY«n^VY ^VY_c^nmngh_cbe^ nv_c^ng_cVacYXoX¨fW}bfvYijfVjkVhYX;hxb
bemnv mnoY=bk¡0hxSVYiVjkhxjk¸ oqhvxmng3hxmVvxY
_loTbe^nY>be¡hxSVY
gSnjevxjfg3hYXv_loqh_lgijeVQje^LhxjkdfYXo5bk¡hSnYbevxYW VvbfYvo sjeoYX%be^FSV_`dfSVYv¸ bevYv5a`bfde_lgk­
RTSVY gbe^ozhxvxje_`^Lh ! Z.X'h kchg! SnbealVo joY¤g_ljka'ValjegYe­ RTSnYVvbfYXvqhzp _¬h8YX^nomVvY¤o}_co ^Vbkh8oqhxjesVa`Y
hxSVvxbemVdfShzprY®oqJYXg_cjea`_c£Xjkh_cbe^ jeo4vYXVvY¤oqYX^LhYX sLpDhxSVYFbevYv>! -.,0&0W Q  S3­ RTSV_co}gbe^noqhvjk_c^Lh;jkalob
vxYac_cYXo}be^jk^ Y^gb_c^Vdbk¡oqmVsozhx_¬hxmh_cbe^be^ W%$'*'-#hg!&%"@ Vjkhxjn¨W^-g$P-!°­ RTSnYozhxvmnghmVvxY®bk¡>hSVY
nvbrbk¡ oTjevbfmV^n8hSV_lo=gbf^noqhvjk_c^fhT_lo=oqfYhgSVYX8bemh=_c^F«ndemVvxYU;V­
 l9K#
 @  v
getstack_aux2_qsubst_subst_stk
tc_init_stack
stack_defined_llist
tc_init_stack_exists
subst_nth_some
qnth_place_one_list_subst
tc_init_frame
tc_init_implies_defined
qnth_subst_untype_diff
tsleq_f
qnth_place_one_list
qnth
qsubst_stack_defined
max_var_index
get_frame
place_one_list
type_constraint
qsubst
qsubst_no_list
qnth_subst_untype
qsubst_unchanged
get_stack
stack_defined_aux_tsleq
qsubst_val
corresponds_subst_diff
_`dfmVvYU;'I : hvxmng3hxmVvxY>be¡Vvxbrbk¡ o5¡¢bfvThSVY
gbe^noqhvjk_c^Lhm! Z%X'hJkchg!
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RTSnY=Y"rhvjegh_cbe^W}YXgSjk^V_loqW$bk¡ªbt4W}jeeY¤ow_¬h5bLoo_csVa`Y=hb
bfshxje_`^}¡¢vxbeW$hSV_lo ¡¢bevxW}jeaY¤ogv_chx_`bf^}j
nvbfdevjkW hxSnjh'_ca`arvxmV^
be^4oq_cW}Va`Y5Y"VjeW;na`Y¤o­ : h_ca`a ¨QhSn_coVvxbedfvxjeW _lo|fYvxp ac_ceYacp>hb>sY5mV^Vnvxjfg3h_lgjea I
^nb=jhqhxY^Lh_cbe^Snjfo0sJYY^)jk_lihxbThSVY _`^VSnYvxY^Lh|gbfW;na`Y#"r_`hzpibe¡fhxSVY1fYvx_¬«gXjhx_`bf^iW}YXgSnje^V_loqW®­$5hAYXeYXvp
_`hYXvxjkh_cbe^5Y gbe^noqhvxmng3hhYXvWo'SVbfoY o_`£XY=_lonvbfbfvqhx_`bf^njkahxb
hxSVY ac_c^VYi^rmVW4sYXvsJY_c^Vd;eYvx_`«nYXcI_c^
hxSV_lo=oqYX^noY hxSVY
jkacdebfv_`hSnW gbfW;na`Y#"r_`hzp _lo=jkacvxYXjeVp oqmVvxY>hbsJY
tLmnjevjhx_cge­$ ozhxvbf^Vd;_`W}VvxbeYXW;YX^Lh
oSVbfmVac%sJY
beshjk_c^VYX%_`¡5Y
Y¤g_lYhb}eYXYFhSnY)^VY"rhijenvY¤oo'ga`bLoqYXvThb}vxYXjegS|¨r¡¢bev=_c^noqhxjk^gYmno_`^Vd
hxSVY njhxjk¸ oqhvxmnghmVvxYXohxSnjh'\;­#	imVYh5ValjQpf¡¢mna`acp}^njkW}YX #
 1%1+#D=`Q¤ ­T$i^VbkhxSVYvT_cvY¤g3hx_`bf^_co hbjQfbe_l
moq_c^VdmV^n_¬«gXjhx_`bf^A¨hvxpL_c^Vd_c^noqhY¤je hb!mnoqYFj9$#kch_.k  ( hJkY®jkacdebfv_`hSnW aljRjkv yqjk^ Z@Q ¨mnoq_c^Vd!j
jkvh_`h_cbe^bk¡|jea`aJjkvx_cjesVacYXo1jkh5jkacaJa`_c^VYXoX¨L'SVYvxY'hz5b
jkvx_cjesVa`Y¤o1sJY_c^Vd_c^hxSVY oxjkW}YiY¤tLmV_`jea`YX^ngYigacjfoo
W}Y¤jk^no5hxSVYp%Wmnoqh'SnjQeY>hSnY
ojeW;Y>hzprJYe­
: hx_`aca ¨wYeYX^_¬¡'hxSVY8Y#"Vjeg3h4vYXVvY¤oqYX^Lhxjhx_`bf^Dbk¡'hSnY hzprV_c^Vd!oqhxjhxY8jk^gbe^ozhxvxje_`^Lhxo4jkvxYa`_ceYXa`p hb
gSjk^VdfY8hxb bfshxje_`^j W}bevxYFmojesVa`YFeYXv_`«nYXvX¨Y®sJYac_`YXeYFhSnjkhhSVYY¤gbfW;Jbfo_`h_cbe^ bk¡ _`hxo _`W}VacY¸
W}YX^fhjhx_`bf^%jk^%gYvh_`«gjkh_cbe^8_c^%hSVYjkvx_`bfmno5VSnjfoqY¤onvY¤oqYX^fhxYX8_`^%hSV_loTnjeYXv'_coTac_`fYacp}hb}vxYWjk_c^
vxYacYje^fh¤­wRTSVYXoYVSnjeoYXo'jevY%I
e­'uwvxbL_c^Vd;hSnY
oqbfmV^n^VY¤oo5be¡j4hzprY
opozhxYW.sjeoYX%be^®Vjhj4^nbkh=Vvxbr_cY¤ _c^FhSVY)VvxbedfvxjeW®¨
Z­'uwvxbL_c^Vd4hSnjkh=jVvxbedfvxjeW$snmV_`al_c^Vd;hSVYW}_loo_`^nd;Vjkhxj4Y^nomVvxYXohSjhThSVY>hzprV_c^Vd}gbe^ozhxvxje_`^Lhxo
jkvxY)ojkh_loz«nY¤0¨
V­!iY¤gbfW;Jbfo_c^Vd hSVYDhzprV_c^Vdgbf^nozhxvxje_`^Lho8¡¢bfvYXjfgS©_c^nozhxvmg3h_cbe^ _c^LhbW}bevxY nv_cW}_¬hx_`fYDgbe^¸
ozhxvxje_`^Lho5hSnjkhigjk^FsJY
oqSnjevY¤ sJYhz5YYX^®oYfYvjka°_c^nozhxvmg3h_cbe^o¨
n­ : Yhh_c^Vdjeo_cVY
hSnY}gbe^noqhvjk_c^LhxoihSnjkh>WjQp^Vbeh>sJY;VvY¤oqYXvfYX®hxSVvxbemVdfShSVY}vxY«n^nYW}Y^Lhxo bg3¸
gmVvxvx_`^Vd}Y¤jegS hx_`W}Y
j}ac_`^nY>_lo'VvxbgY¤ooYX0¨
­'uYv¡¢bevxW;_c^VdjdfvxjeVS hvjQeYXvxoxjkawsrp!moq_c^Vd!je^ jkdeYX^nVjoqhvxmng3hxmVvxYe¨'SVYvxY ac_`^VY¤ojevYWjkvxeY¤
jk^n®omVsVW}_`hqhY¤0¨
\V­'uwvxbL_c^Vd je^_`^rjkvx_cje^LhTbf^®hSVYdevjkVSFhvjQeYXvxoxjka°'SVYXvY
hSVY)hzprV_c^Vd nvbfYXvqhx_`Y¤o=jkvxY
jeoxoqmnW;Y¤
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